To better understand why stocked esocids survive poorly, we estimated mortality rates of tiger muskellunge (F• hybrid of female muskellunge Esox masquinongy x male northern pike E. lucius) that were placed into two Ohio reservoirs (mean fish total lengths, 171 and 179 ram; 62 fish per hectare). Because pond experiments showed that hybrids stocked at night experienced mortality rates as high as those released during the day, we stocked tiger muskellunge into lakes during the day. Mortality of stocked hybrids (estimated by catch per effort of electrofishing) exceeded 95% within 40 days in both lakes. Population estimates of largemouth bass Micropterus salmoides coupled with stomach-content data revealed that these predators accounted for 26% and 45% of the numbers stocked in the two lakes. In addition, some hybrids died from thermal stress. Improved survival of tiger muskellunge should result if they are stocked at lengths greater than 250 mm to reduce predation losses, and late in fall when thermal stress is reduced.
The tiger muskellunge (F 1 hybrid of female muskellunge Esox masquinongy X male northern pike E. lucius) has been stocked in many freshwater lakes to provide a trophy sport fishery and to control panfish populations (Graff 1978) . These hybrids can be cultured economically on artificial dry diets and often grow faster than either northern pike or muskellunge (Schrouder 1973 Micropterus salmoides sampled had eaten stocked hybrids. We then designed this study to quantify the importance of predation by largemouth bass on survival of stocked tiger muskellunge. We also compared survival of hybrids stocked at night, when predation and stress might be less (Belusz 1978; Hess 1980) , with that of hybrids stocked during the day.
Study Areas
We compared survival of day-and nightstocked hybrids in Bird's Pond, a 0.8-hectare, privately owned pond in Franklin County, Ohio. Maximum depth was 4 m; aquatic vegetation (Typha spp. and Ceratophyllum spp.) was sparse and confined to depths less than 20 cm near the pond margin. During two experiments in mid-July, secchi disc readings exceeded 2 m. Dissolved oxygen concentrations were greater than 3.0 mg/liter to depths of 1 m during the first experiment and 2 m during the second. Largemouth bass were the only predators large enough to consume stocked fish.
We evaluated largemouth bass predation on stocked tiger muskellunge in two reservoirs in southwestern Ohio (for morphometric data, see Fig. 2 ). Submersed aquatic vegetation in Acton Lake (Preble County) was nonexistent and less than 5% of the shoreline was occupied by Typha hours. In the first experiment, either the left or right ventral fins were removed. Jaw tags, 10-mm loops of 16-gauge copper or steel wire, were used in the second experiment. Hybrids were similar in length within treatlnents and between experiments (Table 1) .
During transport of hybrids, rates of temperature change between hatchery and pond averaged less than 2.5 C/hour for all treatments (Table 1) . Oxygen content of the water in transport tanks always exceeded 5.0 mg/liter. To reduce temperature shock at stocking, pond water was added to the transport tank over the course of about 1 hour until temperatures were within 2 C of pond temperature.
Shore observers and scuba divers documented the distribution of hybrids immediately after the fish were released. At frequent intervals (see Table 3 ) after stocking each treatment group, we collected largemouth bass with an 
Hybrid Survival in Lakes
We stocked tiger muskellunge of similar sizes and at equal densities (Table 1) into Stonelick and Acton lakes at midafternoon on August 26 and September 2, 1980, respectively. Transport conditions were similar for hybrids hauled from the hatchery to the lakes, although the temperature increase was more severe for fish stocked into Stonelick Lake (Table 1) .
To determine movement patterns and distribution of hybrids, we seined (11.5 x 2 m bag seine, 4.5-mm mesh) at least five stations around the lake 3 hours poststocking and on each day for 3 days following release. We also electrofished along the entire perimeter of the lake ibr three consecutive nights after stocking to follow dispersal and survival of hybrids and determine predation rate by largemouth bass.
Thereafter, lakes were seined and electrofished weekly until no hybrids were collected. We measured all largemouth bass (longer than 200 mm), recorded their marks, pumped their stomachs, and released them. We multiplied estimates of number of tiger muskellunge per largemouth bass stomach (determined from a graph of predation rate and time, see Fig. 1 ) by the estimated number of largemouth bass in the population to obtain daily estimates of hybrid mortality. Total mortality was estimated from the slope of the relation between time (days after stocking) and natural log of catch per effort of hybrids by electrofishing.
Results
Mortality immediately after stocking varied among the three study sites. We saw no dead hybrids in Bird's Pond, but 9 dead hybrids were observed within 1 hour after stocking in Acton Lake and 49 in Stonelick Lake. Many daystocked tiger muskellunge jumped and skipped across the water surface, behavior that may be interpreted as a stress response; this was especially pronounced in Stonelick Lake.
Day versus Night Stocking
In contrast to the acdve behavior exhibited by day-stocked groups, fish stocked at night moved slowly to the bottom and remained relatively inactive for at least 2 hours. On the day afker these stockings we found individual tiger muskellunge close inshore, high in the water column, and motionless, but none offshore.
Estimates of the largemouth bass population in Bird's Pond (Table 2 ) and stomach contents of this predator (Table 3) suggest that more than 50% of the day-stocked hybrids were eaten within 8 hours. Darkness hindered predation on the night-stocked group, but during daylight hours night-stocked fish appeared just as susceptible to predators as the day-stocked group. Based on our estimates, all tiger muskellunge were eaten within 48 hours after they were stocked, regardless of when they were stocked. Extensive seining and electrofishing at this time produced no hybrids, supporting our estimates of total mortality.
For each experiment, we estimated that 236 • hybrids were eaten by largemouth bass (Table   3 )--18% more than were stocked. These overestimates may have resulted from our intensive sampling program during which nearly 50% of the largemouth bass population was stomachpumped over 48 hours. Also, intensive inshore sampling with an electroshocker in this small pond may have caused some predators to remain offshore, isolated from stocked hybrids; we found it increasingly difficult to sample desired numbers of largemouth bass during experiments (see Table 3 ). If these two factors reduced the number of active predators, then multiplying mean number of hybrids per stomach by the entire largemouth bass population would have overestimated the number lost to predation.
Hybrid Survival in Lakes
We stocked tiger muskellunge into Acton and Stonelick lakes during the day at one location in each lake. Predation by largemouth bass began within 8 hours of stocking and continued to increase through day 3. Mean number of hybrids per stomach gradually declined through day 28 in Acton Lake and day 43 in Stonelick Lake (Fig. 1) . From our estimates, largemouth bass predators consumed 45% of all tiger muskellunge in Stonelick Lake and 26% in Acton Lake, while total mortality over 40 days (based on the slopes of catch curves) exceeded 95% in both lakes (Fig. 1) .
The precipitous rise in predation by largemouth bass over the first 3 days after stocking correlated well with movement patterns of hybrids. On day 1, tiger muskellunge were t•bund close to stocking sites and along opposite shorelines (Fig. 2) . By day 3, they were distributed throughout both lakes; rates of movement (meters/day) were similar in both lakes. As tiger muskellunge moved throughout each lake, they were exposed to a progressively larger fraction of the largemouth bass population. Higher first-day predation rates in Stonelick Lake than in Acton Lake can be related to the proximity of stocking sites to prime largemouth bass habitats. In Acton Lake, few largemouth bass were found near the stocking site at the shallow upper end of the lake, whereas in Stonelick Lake, hybrids happened to be stocked in an area of high predator density. Temporal trends of predation by largemouth bass on tiger muskel- (Figs. 3 and 4) .
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Discussion
Nearly all stocked tiger muskellunge were eliminated from Acton and Stonelick lakes after 45 days. Beyond this date, no largemouth bass contained hybrids and only two stocked fish were captured during extensive sampling. Apparently, a substantial portion of hybrid mortality in these two lakes resulted from transportation and thermal stress and predation by largemouth bass.
For hybrids held in a predator-free net, we found that nearly 10% in Acton Lake and 30% in Stonelick Lake died within 48 hours poststocking. Comparisons of numbers of dead hybrids recovered 1 hour after stocking suggests that stress-related mortality was greater in Stonelick Lake than in Acton Lake. While these data cannot be used to estimate rates of mortality, they suggest the importance of stress in influencing survival.
This differential stress-related mortality between lakes seems related to thermal shock.
Hybrids stocked into Stonelick Lake were subjected to the greatest temperature differential at stocking (9.5 C without tempering) as well as the highest lake temperature at 30.5 C (Table  1) , which is near the upper lethal limit for tiger muskellunge (Scott 1964; Bonin and Spotila ]978).
Though our data indicate that predation mortality of hybrids was substantial, we believe these estimates were conservative. First, fish in largemouth bass stomachs were counted as tiger muskellunge only if they could be positively identified from a characteristic body part, such as a jaw. Second, our curve-fitting in Fig. 1 was conservative for we simply connected the data points for nights I through 3 and fit a descending curve to subsequent points. With this technique, we estimated a declining predation rate after day 3. If predation rates on days 4 through 7 (days for which we have no samples) were equal to or greater than those on day 3, our estimates of mortality due to largemouth bass predation would have been considerably higher. Other potential sources of hybrid mortality include disease (Belusz 1978) , parasites (Snow 1974 (Snow , 1978 , starvation, or.emigration (Snow 1974 (Snow , 1978 . Our observations suggest that these sources of mortality were not important. Thermal stress and predation seem the most likely causes of the loss of tiger muskellunge, even though our estimates of these variables were not sufficient to explain all of the mortality in either lake.
Stocking Practices to Improve Survival Night stocking does not appear to reduce predation mortality. However, given tiger muskellunge behavior at stocking, this procedure might provide hybrids with a rest period, thus reducing mortality due to stress (Belusz 1978 The physicochemical environment, the size distribution and species composition of the predator populations, and the density and size distribution of potential prey all should be evaluated before stocking programs are developed for a lake.
